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Abstract:

Heavy charged gauge bosons are proposed in some theories beyond the standard model. We explore the

discovery potential for W/ —tb with top quark semi-leptonic decay at the LHC. We concentrate on the new physics

signal search with the deviation from the standard model prediction if the resonance peak of W’ cannot be observed

directly. Signal events with two jets plus one charged lepton and missing energy are simulated, together with the

dominant standard model backgrounds. In this paper, it is found that suitable cuts on the kinematic observables can

effectively suppress the standard model backgrounds, so that it is possible to search for a W’ signal at the LHC if its

mass is less than 6.6 TeV.
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1 Introduction

Gauge sector extension is one of the promising new
physics theories beyond the standard model (SM). Heavy
charged gauge bosons (W) are involved in a num-
ber of the new physics models, such as Extra Dimen-
sions [1-7], Little Higgs [8-10], GUTs [11-13], etc. A
simple but well-motivated scenario is the Left-Right sym-
metric model [14-18], which is based on the extended
SU(2).xSU (2)rxU (1) gauge group. Provided the current
experimental constraints, a TeV-scaled charged gauge
boson is allowed, which provides the opportunity for new
physics searches at the LHC.

The leptonic decay W’ — lv is the golden channel
for searching for W’ if the couplings to the SM lep-
tons are not specifically suppressed. According to a M-
distribution, determined by the transverse momentum of
the charged leptons and missing transverse energy, lower
mass limits of 5.1 (4.1) TeV for the sequential SM W’
boson have been obtained by the ATLAS and CMS col-
laborations at y/s=13 TeV LHC [19, 20]. Although the
leptonic decay modes are experimentally clean and pos-
sibly may be the first observed, the other decay channels
need to be studied in depth to understand the properties
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of the heavy bosons, especially in some leptonic branch
ratio suppressed scenarios. Although the light quark de-
cay modes of W/ —qq’ have a larger production rate than
the W’ —tb channel, there is no advantage for searches
for the W’ boson due to the large QCD backgrounds at
the LHC. Furthermore, the W —tb mode has a charac-
teristic jet-substructure with the top quark, and a large
number of events with single top quark production can
be accumulated at the LHC.

If the W’ is discovered at the LHC, it becomes imper-
ative to investigate the details of its intrinsic properties
and its interactions with other particles. The chiral cou-
plings to standard model fermions are crucial features
which differ from the SM weak interactions in some spe-
cific models. It has been demonstrated that the angular
distributions of the top quark and lepton resulting from
top decay can be used to disentangle the chiral couplings
of the W’ to SM fermions with the W’ — tb mode [21].
We have also found that the charged lepton angular dis-
tribution can be used to distinguish the chirality of W’
in the decay mode of W' —WH—bblv [22]. The inves-
tigation of the W’ boson has also been extended to the
associated production or exotic decay modes [21, 23-27].

Recently, the CMS collaboration has reported the
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latest results on the search for a resonance peak with
W’ — tb [28]. The right-handed W’ boson is excluded
for mass less than 2.6 TeV with the top quark decay-
ing hadronically and leptonically. Unfortunately, no evi-
dence of the W’ resonance peak can be observed directly
up to now. Motivated by the reach of the W’ inves-
tigation at the LHC, we provide various strategies to
search for a significant excess from the standard model
prediction in kinematics distributions other than the new
resonance peak. We propose four schemes based on dif-
ferent cuts to suppress the standard model backgrounds.
Cuts on the transverse momentum of jets (p%), invariant
mass of jets (M;;), collision energy scale (Hr) and invari-
ant mass of top and bottom quark (M,z) are adopted to
highlight the signal process. We find that the lower mass
limit for the sequential W’ boson is up to 3.7-6.6 TeV.

This paper is arranged as follows. In Section 2 we
briefly depict the theoretical framework and show the dif-
ference between the Wi and Wg bosons. The detector
simulation and numerical results with various schemes
are presented in Section 3. Finally, a short summary is
given in Section 4.

2 Theoretical framework

Heavy charged gauge bosons are predicted in many
new physics theories. Provided that the SM is an approx-
imation of the new physics in the low energy scale, the
most direct detection for new physics should be via the
decay of these heavy particles into the SM particles. The
relevant gauge interactions between W’ and fermions can
be generalized in the formula

9

= rij 1 /
L=gy, \/EQ/JL'V;LVL ! 5(1_75)¢5WL
92 - 13 1 /
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where g, is the SM electroweak coupling and gr, (gr) is
the left-handed (right-handed) coupling constant, with
gr.=1, gr=0 the pure left-handed gauge interaction (la-
beled W} ) and g;, =0, gr =1 the pure right-handed gauge
interaction (labeled W ). V" is the flavor mixing matrix,
the counterpart of the Cabibbo-Kobayashi-Maskawa ma-
trix in the SM.

Both left- and right-handed W’ bosons can exist in
the left-right symmetric model, as well as the right-
handed fermion doublets, which lead to a heavy neutrino
(N). As discussed in Ref. [29], if the W’ is heavier than
N, the decay mode of W —IN is open, which provides an
interesting like-sign dilepton production process to learn
the lepton number violation. Otherwise, we can only
investigate the W’ boson from its couplings to SM par-
ticles, with the W’ — 1IN decay modes forbidden. Thus
the three dominant decay modes are W' —tb, W’ —qg/,
and W’ —1v. The right-handed W’ has the same decay
modes as the left-handed one except for W' — 1v, since

the right-handed neutrino is absent in the SM. The Wy,
has a larger decay width than W{, which is expressed in
the following formulae

g%g%mw[ ( m; )( mg o my )}

Dy =222B 124 (1 1- -

W 167 T miy, 2m,  2my, /)

Iy, = 298 3+(1- mg )(1- my___m; )]
L 167 M3y 2m3y,  2my,

where my (m,) is the mass of W’ boson (top quark).

Fig. 1.

Feynman diagram of process (5).

In this paper, we focus on the process
pp— W' /WH=bt—bblty, 1T=et ut. (3)

The corresponding total cross section can be written
as

a:/fq(xl)fqv(x2)&(\/x1x25)dx1d:ﬂ2, (4)

where f,,4 (x;) is the parton distribution function (PDF)
with z; the parton momentum fraction. +/S is the
proton-proton collision center of mass energy. & rep-
resents the partonic cross section of the process

q(p1)+q' (p2) — W' /W —b(ps)+t(p,)
— b(ps)+b(pa) +H " (ps)+v(pe),  (5)
where p; (i=1, 2, 3, 4, 5, 6) is the momentum of the cor-
responding particle, and p; is the momentum of the top

quark. The corresponding Feynman diagram is shown in
Fig. 1 with the differential cross section

ol
d0:%|./\/l\2d£zps4, (6)

where s=x,x,S5, and Lips, denotes the Lorentz invari-
ant phase space of the four final particles. |M]|? repre-
sents the invariant amplitude of the partonic process (5)
summed (averaged) over the final (initial) particle colors
and spins, and can be written as,

|Muwr |2+ Mw|?,

MP =

for Wg,
- (7)
where |M,|? (i = Wi, Wg,W) is the corresponding in-
variant amplitude and 2Re( Q‘N,L./\/lw) is the interference
term between Wi and W,
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(color online) The cross section of process pp—W'" —bt—bblTv (
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1T =e™,ut) with respect to the W’ mass

at the LHC. The shaded region represents the uncertainty from the PDF with the energy scale varying from v/S/2
to 2v/S. (left) W =W{, without the effects of W; (right) W/ =Wg.

The couplings of gr,(r) are arbitrary in various models,
while the Sequential W' model with the W’ boson has the
same couplings to quarks and leptons as the W boson.
We have numerical results in the framework of the Se-
quential W' model. CTEQG6L1 [30] is set for PDF, with
mw=80.4 GeV and m,=173.1 GeV [31]. The cross sec-
tion of the process pp— W't —bt —bbltv (It =et,ut)
with respect to the W’ mass at 13 and 14 TeV is shown
in Fig. 2. There are more than ten events produced with
a W’ mass around 6 TeV with a luminosity of 300 fb—*.
The shaded region represents the uncertainty from the
PDF with the energy scale varying from \/§/2 to 2v/S.
This uncertainty could affect the cross section by about
10%-20% with the tree level result. It will decrease with
the higher order calculation, which is out of the scope
of this work. So in the following work we focus on the
investigation of W’ at 14 TeV and assume a luminosity
of 300 fb~* unless otherwise stated.

3 Numerical results and discussion

Once the W’ boson is produced at the LHC, the
W’ —tb channel will play an important role in the search

for W' signal in the large W’ mass region. In this work,
we provide various strategies to investigate the lower
limit on the W’ mass from tb production with the signal
of 2 jets+1 lepton+ Fr.

The resonance peak through the invariant mass of
M5 can be reconstructed as shown in Fig. 3. The dif-
ferential distributions with the invariant mass of M,; be-
tween the W;+W and Wi+W differ from the interference
term. The valley region is due to the negative contribu-
tion from the interference term in the mass region of
mw < Mz < mw for Wi, whereas there is no interfer-
ence term between W§ and the W boson. This kind of
phenomena can be used to distinguish Wj, from Wy if
enough events are accumulated. Moreover, there are a
large number of SM W bosons in the tb production com-
pared with W', especially in the small Mg region. It is
therefore crucial to suppress the influence of W bosons
in the search for the W’ boson.

Figure 4 shows the transverse momentum (pr) dis-
tribution of the b and b quarks related to the process
pp — W't — bt — bbltv (I = et,ut) with my, = 2
TeV. The b quark distribution has a peak around 1 TeV,
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pp—W'T /Wt —bt—bbltv,

since for a parent particle of mass M decaying to two
light particles, there is a Jacobian peak near M/2 in the
transverse momentum distribution of final state parti-
cles. Such distributions can be used to set cuts to sup-
press the backgrounds. In addition, the b quark distri-
bution shows differences between W; and Wy because
of the top quark spin correlation effects, which provides
the opportunity to distinguish the chirality of the W’
boson [21].
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Fig. 4. (color online) The pr-distribution of b and

b quark related to the process pp— W't bt —
bbltv (It =e™,u") with mys=2 TeV at 14 TeV.

To be as realistic as possible, we simulate the de-
tector performance by smearing the lepton and jet en-
ergies based on the assumption of Gaussian resolution
parametrization

——=—=®b 9)

where §(E)/E is the energy resolution, a is a sample
term, b is a constant term, and @ denotes a sum in
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(color online) The invariant mass M, g-distribution with mw, = 2,3,4,5 TeV at 14 TeV for the process
IT=et,ut. (left) W =Wi,; (right) W =Wg.

quadrature. We always use a=5%,b=0.55% for leptons
and a=100%,b=5% for jets [32]. In order to identify an
isolated jet or lepton, we define the angular separation
between particle ¢ and particle j as

AR;;= \/ Aé?ﬁr&?ﬁj,

where A¢,;; and 7,; are the difference in azimuthal angle
and rapidity between the related particles.

For the process in Eq. (5), W’ decays to two particles
which are back to back in the transverse plane. The W
boson and bottom quark are collimated, because the top
quark is highly boosted, so the angular separation ARy,
between the charged lepton and bottom quark is peaked
at a low value and the angular separation ARy, between
the bottom quark and bottom anti-quark is peaked near
7. Therefore, we impose the basic cuts as

AR1b>0.3, ARbb >04, Pré>20 GeV,
Pj>50 GeV, n(j)<3.0, Fr>25 GeV.

(10)

(11)

Figure 5 shows the invariant mass (M) distribution
for mw, =2, 3, 4, 5 TeV at 14 TeV with the basic cuts.
Compared with Fig. 3, the discrepancy of the peak be-
tween W’ and W boson is weakened after the basic cuts
due to more events with small transverse momentum be-
ing generated in the W boson process.

Besides the W boson intermediate process, the dom-
inant backgrounds include the W+jj, W+bb, Wtg—tb,
bq—tj and tt processes. To suppress these backgrounds,
we first require a bottom quark (b-tagging) in the final
jets, with tagging efficiency 0.6 and the mis-tagging effi-
ciency neglected. Then we attempt to use various kine-
matics variables to highlight the excess over the standard
model prediction in the observation of final states with
2 jets+1 lepton+ Fr. In the following we investigate the
excluded W’ mass region from four strategies, i.e., the
Pj-Scheme, M;;-Scheme, Hr-Scheme, and M,5-Scheme.
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Table 1. The cross sections of SM backgrounds at 14 TeV with the basic cuts, Pi*>100 GeV and various P2' cuts.

o/fh WHij/fb W+bb/fb W+Hg—tb/fb bq—tj/fb tt W /b
PIT>400 GeV 114.0 1.159 7.726 10.85 86.9 2.006
PI'>600 GeV 26.44 0.2313 1.189 1.505 14.23 0.4858
P >800 GeV 9.254 0.0608 0.1971 0.1967 1.84 0.1433
P >1000 GeV 3.173 0.0152 0.0435 0.0393 0.25 0.0479
PI'>1200 GeV 0 0.0005 0.0108 0.0098 0 0.0172

Table 2. The cross sections of signal (c5) and SM backgrounds (o) at 14 TeV with the basic cut, PL' > Lmw and

PJ?>100 GeV.

my =2 TeV my =3 TeV myy =4 TeV my =5 TeV
W, Wi W/ W, Wi W, Wi
og/fb 23.800 31.180 3.220 4.060 0.480 0.580 0.060 0.085
op/fb 222.64 44.08 11.7 3.29
S/vVB 27.6 36.2 8.4 2.4 2.9 0.6 0.8

3.1 Pji-scheme

We set cuts on the jet transverse momenta P (i=
1,2) with P4' > PZ?, provided the signal process has
a larger number of high Py events than the W boson
process. Figure 6 illustrates the invariant mass Mg-
distribution for various W’ masses with the basic cuts
and P> émwf, Pj?>100 GeV. The lower peak in each
curve is the remnant contribution from the SM W boson,
which is about one order of magnitude less than the sig-
nal peak. The number of events in each bin is displayed
in Fig. 7. Taking mw' =3 TeV as an example, there
remain hundreds of events after the cuts. If we set the
proper P% cut, the SM W boson effects will be suppressed
so that it would be possible to observe the excess in the
M, -distribution plots. The other backgrounds are in-
vestigated as well. In Table 1 we list the remaining cross
sections after the PJ cuts. The cross section of WTjj
is the largest of the backgrounds, and decreases sharply
with the increasing of the PL' cuts since most of the jets
are soft. The background cross sections decrease with the
increasing of the PJ" cuts as well as the signal process,
thus we adopt varying cuts of P4'>1myy, and P#*>100
GeV. The cross sections of the total background cross
section and signal are listed in Table 2 as well as the sig-
nificance S/+/B. We display the significance with respect
to the W’ mass in Fig. 8 to illustrate the detectable mass
region at the LHC with v/S=14 TeV. It shows that the
upper limit can reach 3.8 (4) TeV with a 30 significance
for left-handed (right-handed) W’. Furthermore, the sig-
nificance for W7, is slightly lower than W5 because of the
negative effects on the cross section from the interference
with the W boson.

3.2 M;j;-scheme

The distribution of the invariant mass of the two jets
M;; for the signal is different from the backgrounds. We

show the number of events in each bin with respect to
the invariant mass Mj; in Fig. 9, where the basic cuts
are required as well as Mj; > imw. The influence of
the W boson can be neglected in the Mj; distribution af-
ter cuts. Compared with the M,; distribution in Fig. 7,
there is no clear peak in the curves, while the excess is
obvious. Moreover, the plateau is broader but lower with
increasing W’ mass .

102

=

10

s/iB

2 35 5
M, (Tev)
Fig. 8. (color online) The significance distribution

with different W’ mass at 14 TeV with the basic
cuts, P4'>tmy, and P§>>100 GeV.

The cross sections of backgrounds with the basic cuts
and varying M;; cuts are listed in Table 3 . After we set
M;; > 3000 GeV, the main background is WTjj, with
a cross section of 0.26 fb. The cross sections of signal
and backgrounds are listed in Table 4 with different W’
masses. Supposing the W’ mass is 4 TeV, after we set a
cut of M;;>2000 GeV, there remain 132 (93) events for
Wi (Wg) at 14 TeV LHC with luminosity of 300 fb~*.
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with the basic cuts and M;j; > %mw/ for the process pp— W't /W — bt —bbltv,
(right) W' =Wg.

(color online) The number of events in each bin (200 GeV) with respect to the invariant mass Mj; at 14 TeV
1T =et,ut. (left) W =Wj,

Table 3. The cross sections of SM backgrounds at 14 TeV with basic cuts and Mj; cut.
a/fb WHjj W+tbb Wtg—tb bq—tj tt W
M;;>1000 GeV 104.7 0.4459 13.19 1.495 8.710 0.506
M;;>1500 GeV 28.56 0.0725 2.952 0.2065 1.090 0.084
M;;>2000 GeV 7.932 0.0018 0.7667 0.0197 0.080 0.0184
M;;>2500 GeV 3.173 0.0039 0.2281 0.0098 0 0.0468
M;;>3000 GeV 0.2644 0.0010 0.0590 0 0 0.0013

Table 4. The cross sections of signal (0s) and SM backgrounds (o) at 14 TeV with the basic cuts and Mj; > smy.

myyr =2 TeV myyr =3 TeV myyr =4 TeV myy =5 TeV
W, Wi W, Wi W, Wi W, Wi
os/fb 21.420 21.100 2.831 2.400 0.440 0.310 0.050 0.042
op/fb 129.04 32.97 8.81 3.4
S/vB 32.7 33.2 8.5 7.2 2.6 1.8 0.5 0.4
, The W’ mass should be larger than 3.6 (3.9) TeV with a
10°¢ 3o significance for Wi (W7 ) if there is no excess in the
F ~W RATL
F R M; distribution.
L _W JJ
L
3.3 H~y-scheme
® Due to the large mass of the W’ boson, the signal
@ process can happen only if a lot of energy is transferred
e ] in the collision. Thus we can use a high energy scale
30 Hrt to distinguish the signal and backgrounds. Hr is
L the scalar sum of the transverse momentum for the final
E N state, which is defined as
Covv b b b v b Loy ey
S Vi S Hy=PJ'+ P4+ PLt B, (12)
Fig. 10. (color online) The significance distribution

with different W’ mass at 14 TeV with the basic
cuts and Mj;> 2my:.

Figure 10 illustrates the detectable W’ mass region at
14 TeV with the basic cuts and Mj;> Lmy. for S/v/B>3.

Figure 11 shows the number of events per bin with re-
spect to Hr with the basic cuts and H > %mwl. It has a
broad plateau in each curve, like in the Mj; distribution,
while the upper mass limit for W’ is up to 5 TeV for
twenty events remaining.
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at 14 TeV with the basic cuts and Ht > %mw/ for the process pp—W'" /W' — bt —bblTv,

W' =Wy,; (right) W =Wg.

(color online) The number of events in each bin (200 GeV) with respect to the collision energy scale Hr

1T =et,ut. (left)

Table 5. The cross sections of SM backgrounds at 14 TeV with the basic cuts and Hr cut.
o/fb WTjj W+bb Wtg—th bq—>tj tt W
Ht>1000 GeV 85.4 0.9222 3.734 5.035 54 1.276
Ht>1500 GeV 14.81 0.1490 0.3508 0.354 4.355 0.240
Ht>2000 GeV 3.437 0.0294 0.0357 0.0393 0.17 0.060
Ht>2500 GeV 0.2644 0.0074 0.0109 0.0197 0 0.017
Ht>3000 GeV 0 0.0020 0.0031 0 0 0.005
Ht>3500 GeV 0 0.0010 0.0031 0 0 0.0012

Table 6. The cross sections of signal (os) and SM backgrounds (o) and the significance at 14 TeV with the basic
cuts and Hr >3 M.

myyr =2 TeV myyr =3 TeV myyr =4 TeV myy =5 TeV
Wi, Wx Wi, Wx Wi, Wi Wi, Wx
os/fb 25.490 36.550 3.380 4.360 0.520 0.590 0.076 0.083
op/fb 150.36 20.26 3.77 0.31
S/VB 36.0 51.6 13.0 16.8 4.6 5.3 2.4 2.6

The cross sections of backgrounds are listed in Ta-
ble 5 with the basic cuts and varying M;; cut. As shown
in the table, the WTjj and bq — tj processes are cut
down to zero after the Ht >3000 GeV cut, while other
backgrounds have a tiny cross section left. A suitable

Hr cut is therefore an effective way to suppress the SM v E =W
backgrounds. [ W
The total cross sections for signal and backgrounds P L
are summarized in Table 6. For my, =4 TeV, there are F
about 156 (177) events for the Wj (Wg) process and EN
2}

1080 events for backgrounds with a cut of Hp > %mw/.
As shown in Fig. 12, the W’ can be detectable with mass
below 4.5 TeV in the Hr distribution for 3¢ significance
at 14 TeV.

semi-leptonically, all the momenta of the final state can
be detected in the detector, except the neutrino. How-
ever, we can obtain the transverse momentum of neutrino

50

3.4 M,g-scheme T
~ ' M, (TeV) '
In the W'—tb channel, the most effective way to re- Fig. 12. (color online) The significance distribution

construct the W’ mass peak is by the momentum of the
top and bottom quarks. Provided the top quarks decay

for different W’ mass at 14 TeV with the basic
cuts and HT>%mW/.
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from the conservation of transverse momentum, using
the formula

PVT:_(RT+RI+RQ)7 (13)

where Pjr is the transverse momentum of particle j.
While its longitudinal momentum cannot be detected,
we can obtain it by solving the equation

i = (PP, (14)

which implies the neutrino and charged lepton are gen-
erated by an on-shell W boson. Solving this quadratic
equation for the neutrino longitudinal momentum leads
to a twofold ambiguity. Furthermore, we can use the
solution to reconstruct the top quark invariant mass
through

M=/ (P,+P+P)". (15)
We adopt cuts on the top reconstruction of
| M —my| <20 GeV. (16)

Provided that all the final state momenta are confirmed,
then we can reconstruct the whole process. The invariant

10°

10?

10

No]_qf Events/bin
9

2

o
Q

107%

[ A

Y T R AT B
1075 1000 2000 3000

My (GeV)

L
4000 5000 6000

Fig. 13.

TeV with the basic cuts and M, > %mwl for the process pp — W'T /W* — bt — bbl*v,

W' =Wi; (right) W =Wg.

mass of M, can be obtained from

Mtgz\/(Pv+R+H-1+R-2)2. (17)

Figure 13 displays the number of events per bin with
basic cuts and M > 2 My, for W' mass varying from 2
to 5 TeV. It is easy to find that the mass peak is clear
in the M, distribution due to the whole process recon-
struction.

The cross sections of backgrounds are listed in Ta-
ble 7 with the basic cuts and varying M; cuts. One
can find that if a strict M, cut is adopted, all the back-
ground effects can be neglected except for the W boson
process. Table 8 shows the total cross sections for signal
and backgrounds as well as the significance. The num-
ber of signal events is more than 1 for my, =6 TeV at
14 TeV with a luminosity of 300 fb~!. The correspond-
ing significance distribution with respect to the W’ mass
is displayed in Fig. 14(left). The upper mass limit can
be up to 6.2 (6.6) TeV with a 30 significance after we
require My, > 2my for Wi (W) if there is no excess
observed.

10°

10?

10

No. of Events/bin

Al Loty L1
1000 2000

=
9

i
3000

o

4000 5000 6000

M(GeV)

(color online) The number of events in each bin (200 GeV) with respect to the invariant mass M, at 14

It =et ut. (left)

Table 7. The cross sections of SM backgrounds at 14 TeV with reconstruction and Mg > %mw/.

a/fb WHij W+bb Wtg—tb bq—tj tt W
My =2 TeV 4.495 0.0034 0.4454 0.9146 0.3498 1.675
My =3 TeV 0.2644 0 0.0372 0.0197 0.0486 0.083
myyr =4 TeV 0 0 0.0016 0.0098 0.0085 0
myyr =5 TeV 0 0 0 0 0.0016 0
My =6 TeV 0 0 0 0 0.0003 0
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Table 8. The cross sections of signal (og) and SM backgrounds (o) at 14 TeV with basic cut, reconstruction and
Mtl_) > %mwl .
myy =2 TeV myy =3 TeV myy =4 TeV myyr =5 TeV myys =6 TeV
Wi, Wx Wi, Wi Wi Wi, W Wi, Wx
os/fb 17.002 22.910 2.000 3.127 0.268 0.452 0.034 0.063 0.004 0.0086
op/tb 7.87 0.453 0.02 0.0016 0.0003
S/\/E 105.0 141.4 51.5 80.5 33.0 56.8 14.7 27.3 4.0 8.6
|- 102:
i 14TV i - BBTVW
o A | R N
E e —14TVW | : —13TVW |
[ 10? 50
le 10 50 e r
3 F 7, NG
[ AU 30
30 e
1? C
qobies Lol b b [ e S S I B DU WU S B
2 25 3 35 4 45 5 55 6 65 7 2 25 3 4 45 5 6
M,,(Tev) M, (Tev)
Fig. 14. (color online) The significance distribution for different W’ mass at the LHC with the basic cuts and M,j,

cut: (left) with Mz > 3mw. at 14 TeV for a luminosity of 300 fb~'; (right) with Mg > 2myw at 13 TeV for a

luminosity of 72 fb~1.

Currently, the integrated luminosity is 36.1 fb~* re-
ported by the ATLAS collaboration and 35.9 fb=! [19]
by the CMS collaboration, with a collision energy of 13
TeV [33], so we investigate the process of Eq. (3) at 13
TeV as well. Figure 14(right) displays the significance
distribution with respect to the W’ mass with the basic
cuts and a loose cut of M,;> %mwl. If there is no excess
observed, the W’ can be excluded for a mass less than
4.9 (5.6) TeV for W} (W§) with 3o significance.

4 Summary

We have investigated the process pp - W'/W —
tb — bbly for the W’ signal via the kinematic dis-
tributions. As the signal events are characterized by
2 jets+1lepton+ Fr, the dominant standard model back-
grounds are W+jj, Wtbb, Wtg — tb, bq — tj and tt.
To reduce the backgrounds and improve the significance,
we adopted four schemes, i.e., the transverse momentum
of jets, the invariant mass of jets, the scalar sum of the
transverse momentum as well as the missing transverse
energy, and the invariant mass of tb with the top quark

reconstruction. By applying suitable cuts, it is possible
to search for a W’ signal at the LHC. For example, at
14 TeV with a luminosity of 300 tb~! in the Hy (M)
scheme the Wj signal can be observed for a mass be-
low 4.7 (6.6) TeV. These results are the consequence
from the process in Eq. (3), while the significance will
be improved if the process pp— W'~ /W~ —tb—bbl-¥
is included. The aim of this paper is to investigate the
possibility of searching for the W’ signal in single top
production, which has the advantage of being able to
scan the kinematic distribution for an excess over the
standard model prediction. Once large numbers of single
top quark production events have been accumulated, our
methods will be helpful to search for the W’ signal if the
new heavy resonance peak cannot be observed directly.

We would like to thank the members of the particle
groups at the University of Jinan and Shandong Univer-
sity for their helpful discussions and comments. HL and
WS thank the University of Arizona for their hospitality
during the writing of this paper.
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